Lead-niobium-germanate glass thin films have been produced by pulsed laser deposition in a broad O 2 pressure range (10 -6 -10 -1 mbar). The cation composition in the films approaches that of the glass target for a presure of 10 -2 mbar. The oxygen content is only close or above than that of the glass for a pressure close to 10 -1 mbar,
INTRODUCTION
The development of all-optical communication technologies, has opened new challenges to the design and production of materials suitable for the fabrication of both passive and active integrated devices. These materials should be able to operate not only in the standard communication windows but also at wavelengths beyond the transparency limit of fused silica. The range of envisaged applications include optical waveguides for ultra-low loss communications in the range 2.5-3.0 m and more efficient lasers, amplifiers or nonlinear devices such as all-optical switches among others. [1, 2, 3, 4, 5] Heavy metal oxide (HMO) glasses, characterized by their content of high molecular weight metal oxides, mainly Bi or Pb, exhibit physical properties that make them attractive candidates for these applications: long term chemical stability when compared to other types of glasses, [6] broad transparency range in the near-mid infrared spectral region and low phonon energy (~ 800 cm -1 ) when compared to other oxide glasses. [1, 2, 3, 7] In particular, the low phonon energy is very attractive for hosting rare earth ions since it is essential to achieve long luminiscence lifetimes and high quantum efficiencies. [4, 5] Furthermore, HMO glasses have high linear (n >2) and nonlinear (n 2 >10 2 times that of silica) refractive indices. [1, 2, 3, 7] The n 2 value, although moderate when compared with composite materials containing metal or semiconductor nanoparticles, could be high enough for the development of integrated nonlinear devices in the near-mid infrared, since it is combined with low optical absorption and high n values. The latter leads to strong confinement of the light propagating in waveguides made of these glasses and thus, to lower the power required to switch on the nonlinear response.
3 Different preparation methods have been attempted to produce high quality oxide glass thin films such as sol-gel, [8, 9] plasma or laser enhanced CVD, [10, 11] or sputtering. [12] However, the production of high quality HMO glass thin films is still a challenge. Pulsed laser deposition (PLD) is very attractive, since it is an excellent technique to produce complex oxide thin films with superior quality than other methods: high Tc superconductors, magnetic and nonlinear optical materials among others. [13, 14] Nevertheless, it has scarcely been applied to the synthesis of complex oxide glasses. [15, 16, 17, 18] One of the critical aspects in preparing such glasses is the limited transparency of the produced films in the wavelength range of interest, related to oxygen defficiencies that modify the glass structure. The oxygen content can be controlled in PLD through the use of an oxidant background gas during film deposition. However, the presence of the gas not only increases the oxygen content through chemical reactions at the surface of the growing film [19] or during the expansion of the plasma, [20] but also modifies the plasma expansion dynamics [21, 22] and the spatial distribution of the ejected material, [23] that can have a negative impact on the structural properties of the films.
The aim of this work is to produce good quality transparent and high refractive index HMO glass thin films. We have selected the PbO-Nb 2 O 5 -GeO 2 glass system in which GeO 2 and PbO are good stabilizers of the vitreous matrix, whereas Nb 2 O 5 increases the chemical stability and durability of the glass and improves its optical performance, both n and n 2 . We have analyzed the influence of a gas pressure applied during film growth and its reactive character on the stoichiometry and optical properties of the produced films. %). The mixture was melted in a platinum crucible and placed in a furnace at a temperature of 1100-1300 ºC for 1 h and then poured onto a brass plate, followed by 1 h of annealing at 450 ºC and then cooled to room temperature at 1.5 ºC/min. The resulting material was a transparent yellowish glass.
EXPERIMENTAL
Nuclear microanalysis was used to determine the thickness and the elemental composition of the films. Nuclear reaction analysis (NRA) was used to determine the oxygen content of the films grown on silicon through the nuclear reaction 16 The optical characterization of films deposited on sapphire and soda lime substrates has been performed by UV-visible absorption, spectroscopic ellipsometry and dark mode spectroscopy. UV-visible absorption spectra were measured at normal incidence in the 350-1700 nm wavelength range using 5 nm steps. The absorption baseline corresponding to the substrates was subtracted in each case. The optical energy gap (Eg) has been determined from the linear extrapolation to zero ordinate
where B is a constant, is the optical absorption and ħ is the photon energy. The ellipsometric parameters of the films, tan and cos , were determined using a WVASE J.A. Woollam Co. Inc. spectroscopic rotating analyzer ellipsometer in the 400-1700 nm wavelength range using 10 nm steps at two angles of incidence: 60º and 66º. The real (n) and imaginary (k) parts of the refractive refractive index were calculated from the ellipsometric parameters using the method described elsewhere [18] . Finally, dark mode spectroscopy has been performed using a He-Ne laser beam coupled to the films by a rutile prism. The refractive index and thickness of the films have been determined from the effective indices of at least two guided modes. increases, reaching a maximum value for 5 x 10 -2 mbar. For pressures above this value, the absorption edge shifts back towards smaller photon energies as it is 7 illustrated in Fig.2 for the film grown at 10 -1 mbar. This is more clearly seen in Fig.3 where the optical energy gap (Eg) has been plotted as a function of the oxygen pressure. To illustrate the procedure followed in the determination of Eg, the inset in for films grown at 10 -1 mbar.
RESULTS

DISCUSSION
The results presented in this work clearly show that the presence of an oxygen background has a strong influence on the quality of lead-niobium-germanate glass films produced by PLD since both the composition and the optical properties strongly depend on the gas pressure applied during growth. Even for a pressure of 10 -2 mbar, for which the cation proportion is similar to that of the bulk glass, the oxygen content is lower than the one expected. This is a critical issue since oxygen is a key element for the formation of the glass network as it may enter in the network either as bridging or non-bridging ions. [25] Films deposited in vacuum are brown opaque, whereas they become transparent at a pressure close to 10 -2 mbar and yellowish for 10 (Fig.3) and n (Fig.4a) Finally, observed decrease of both the real (n) and the imaginary (k) parts the of the refractive index with the O 2 pressure applied during growth, that becomes sharper above 10 -2 mbar (see Fig.4 ) is not only related to the incorporation of oxygen to the films, but also to the influence that in the deposition process has the presence of a gas background. First, the increase of [O] in the films decreases their absorption as it allows the formation of the glass structure, whereas it induces a decrease of the value of n at pressures above 5 x 10 -2 mbar due to the further oxidation of lead. [28] Secondly, there is a process intrinsic to PLD that is known to influence the refractive index: In vacuum, the high kinetic energy of the species arriving to the substrate is known to produce optically dense films and thus, films with an enhanced value of n.
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The presence of a gas background reduces this kinetic energy leading to a decrease of the value of n for films as observed in Fig. 4 when increasing the O 2 pressure during growth. Finally, the sharp decrease of the real part of the refractive index of films for O 2 pressures above 10 -2 mbar is related to the combined effect of the formation of PbO 2 in the glass films and the decrease of the kinetic energy of the species arriving to the substrate, that is characteristic of PLD in that gas pressure regime. 
CONCLUSIONS
